(19) 



3 



3 - o* 



Europaisches Patentamt 
European Patent Office 
Office europeen dee brevets 



(12) 



(43) Date of publication: 

18.08.1999 Bulletin 1999/33 

(21) Application number: 99102622.0 

(22) Date of filing: 11.02.1999 



(n) EP 0 936 710 A1 

EUROPEAN PATENT APPLICATION 

(51) Intel* H01T 13/39, H01T21/02 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 16.02.1998 JP 5145798 

(71) Applicant: Denso Corporation 

Kariya-city, Aichl-pref., 448-8661 (JP) 



(72) Inventor: Osamura, Hironori, 
c/o Denso Corporation 
Kariya-city, Aichi-pref., 448-0029 (JP) 

(74) Representative: 

Pellmcnn, Hans-Bemd, Dipl.-lng. et al 
Patentanwaitsburo 
Tiedtke-Buhling-Kinne & Partner 
Bavariaring 4 
80336 Munchen (DE) 



(54) Spark plug having a noble metallic firing tip bonded to an electric discharge electrode and 
preferably installed in an internal combustion engine 



(57) A spark plug for an internal combustion engine 
comprises a noble metallic firing tip (3) laser welded on 
the opposing surface of either a central electrode (28) 
or a grounded electrode (29). A fused junction layer (4), 
formed between the noble metallic firing tip (3) and the 
base electrode member (2), contains 40-70 wt% noble 
metallic firing tip component. The noble metallic firing 
tip (3) has a non-fused portion axially extending by a 



length tt L n , where 0.2 mm <L£ 0.7 mm. The fused junc- 
tion layer (4) axially extends by a length "M", where 0.2 
mm <M< 0.7 mm. And, the relationship B> 1.3A is es- 
tablished when "A° represents the diameter of the noble 
metallic firing tip (3) and "B° represents the diameter of 
a contact area at the boundary between the fused junc- 
tion layer and the base electrode member, where 0.3 
mm <A< 0.6 mm. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 



[0001] The present invention relates to a spark pluq 
haying a noble metallic firing tip provided on the surface 

h L a ^ n a i eieCtr ° de ° r 8 9rounded ^ode, Prefera- 
bly installed «n an internal combustion engine 
[0002] To extend the life and also to improve the per- 
formance of the spark plug for an internal combustion 

ZHZH, ^ IS Pr8,erab,y US6d 38 a ma < eria < tS 
central electrode and/or the grounded electrode which 

cooperatively cause an electrical discharge 

[0003] m view of the recent trends toward the exhaust 

gas purification and lean burn techniques, it is desirable 

o reduce the diameter and also to enlarge the axial 

M 3Ch e ' ec,rode to improve ,he HrS-Ji 

!h K T V9r ' the Ni a,loy spark electrodes, when 
reduced .n diameter and enlarged in axial length, are 
subjected to exhaustion or wear in use. This will unde 
Z^TTT the Spafk 9ap betwee " «he Ni alloy 
ro'oosf T« ?• T Sen,ng ,he i9nitabi,i, V significantly 
SS? ,° h ' S Pr ° blem ' K is efteclive '° P^ide 

face of Z UC fir 7 9 " P °" at ' eaSt °" e COnfron, '"9 ™- 
face^of the central electrode and the grounded elec- 
ts 1 , b0ndin9 °' the nob,e me,allic firir «9 tip to 

r:sr beris ' ,orexamp,e ' 

Ha 3 S«w mi 7 d Japanese Patent App,ication No - 

Koka. 6-36856 discloses a spark plug fabricated by us- 
ing the laser-welding. 1 
[0008] According to this prior art, the spark plug com- 
poses a base e.ectrode member having a smaSe diam- 
eter rod portion. A noble metallic firing tip, identical in 
diameter with the smal.er-diameter rod portion, is bond- 
ed to the top of the smaller-diameter rod portion by the 
laser welding. A fused junction layer, in which the base 

f!2? 8 and ,h8 nobl8 meta,lic """9 tip are 

used together and then hardened, is formed Lween 
the base electrode member and the noble metallic firing 

bonding steps of the noble metallic firing tip to the elec- 
trode member. First, a noble metallic firing tip 3 is placed 

9? o, l°L 911 ° f 3 s " al *--diame,er rod portion 

If^ as e electrode member 9 as shown in Figs. 11 A 
and u s. Then, the noble metallic firing tip 3 and the 
base electrode member 9 are bonded by using a laser 
h 3 5 applled entirel V along their circumferential 

22* * 33 Sh ° Wn ln F ' 9 - 11C Thr0U9h the I*™ 
welding performed in this manner, the noble metallic fir- 
no tip 3 and the base e.ectrode member 9 are fused 
together. And then, after finishing the laser welding, the 
fused portion is hardened to leave a fused junction layer 
4 having a wedge shape. 

[0010] In this laser welding, the base electrode mem- 
ber 9 ,s subjected to the scattering of the base metal 



due to the sputtering. Accordingly, as shown in Fig 11C 

formed TT ^ ^ 3 feduCed dia ™^ * 
member 9 °' ,he base e,ec ' rode 

5 rSVhl JH* ab0VQ - described conventional spark plug 
nas the following problems. 

[001 2 ] From the view point of the global environmen- 
tal protect™, the recent restrictions to the exhausts 

" seZ°To nd ,0 th ! fU8 ' eC ° n0my haVS been bec A 
severe. To respond to such severe requirements the 

spark plugs must be highly advanced in perforce* 

to realize the lean burn or other advanced technfques 

l^tl 2h nob,e meta,,ic firin9 ,iP provided at 

is m^U H r9e T i0n - needsto ^smallindiameter. 
ET2 such circumstances, the phenomenon 

2~ 2lJ T We ' din9 substant «"y reduces the radial 
.1 n V ba l 6 e,eC,f0de member 9 becom «s a prob- 
er* not negligible when the noble metallic firing tip 3 and 
the email-diameter rod portion 91 of the base electrode 

ST '° b8 d ° WnSiZed in their ^ameler Se 

foMowing are the problems arising from the radial size 

beam T °' ** member 9 b * « b ^er 

25 ?n°! 1 ? 1 Specifica "* tne s Park plug equipped in 

an internal combustion engine win be subjected to high 
temperatures when the internal combustion engine is 

the hlf Cam0t Sm ° 0thly transfer ,he rece 'ved heat to 
*> 1 ele f r ° de member 9 due «° a narrowed bond 
ng portion of the base e.ectrode member 9 adjacent to 

terno^r 131 " 0 finn9 tiP 3 - ACCO[din9 'y- a rerna ^ e 
IdTS « . nC : eaS8 ° CCUfS " ,he noble Gallic firing 
the di I?H " ' ndUCe thS extraordi "ary wear at the elec 
trie discharge portion. 

55 Q^! 51 F ^ hermore - the small-diameter rod portion 

de form/ 6 "* tempera «"*s that itthermally 
defor ms and causes thfl nob(e meta||jc y 

or drop out of the small-diameter rod portion 91 



« SUMMAHY OF THE INVENTION 



oroolem, , h above - des cribed conventional 

problems the present invention has an object to provide 

<s LcSnt 9 an eXCe,,ent stfe " 9tb in a '^ed 

June on layer formed at the boundary between the 
sma -d, amete r noble metallic firing tip^and the base 

and ST .I 6 tHereby assuri " 9 performance 
and long We of the spark plug so as to be preferably 

so appl, ^ ab,e,0lnter "al combustion engines 

in in, 7 16 PfeSent inven,ion Prides a spark plug for 
havlT a n C ° m K US,i0n 6n9ine ' com P-ing an insulator 
EaTSt ° U9h h0 ' e> 3 Central e,ectrcde reposed at 
east at one end of the through hole, a housing holding 
the insulator, a grounded electrode provided on the 
etol'" confronting relationship with the centra, 

tr«£ VI a SP3rk 93P between ,he central elec- 
trode and the grounded electrode, and 

a noble metallic firing tip bonded on at least one 
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confronting surface of the central electrode and the 
grounded electrode, the noble metallic firing tip being 
laser welded to a base electrode member of the con- 
fronting surface so as to form a fused junction layer at 
the boundary between the noble metallic firing tip and 
the base electrode member in which the noble metallic 
firing tip and the base electrode member are fused to- 
gether and then hardened, 

wherein the fused junction layer contains 40—70 
wt% noble metallic firing tip component, 

the noble metallic firing tip has a non-fused portion 
axially extending from its top to an upper end of the 
fused junction layer by an axial length "L\ where 0.2 
mm <L< 0.7 mm, 

the fused junction layer axially extends from the 
upper end to its lower end by an axial length "IvT, where 
0.2 mm <M< 0.7 mm, and 

the relationship B> 1.3A is established when "A" 
represents the diameter of the noble metallic firing tip 
and "B" represents the diameter of a contact area at the 
boundary between the fused junction layer and the base 
electrode member, where 0.3 mm £A£ 0.6 mm. 
[0018] The characteristic features of the present in- 
vention reside in that: 

the relationship B> 1.3A is established when "A" 
represents the diameter of the noble metallic firing 
tip and "B M represents the diameter of the contact 
area at the boundary between the fused junction 
layer and the base electrode member, where 0.3 
mm <A< 0.6 mm; 

the fused junction layer contains 40-70 wt% noble 
metallic firing tip component; and 
the lengths T n , "M° and "A" are respectively defined 
as described above. 

[0019] First, according to the present invention, B> 
1.3A must be established in the relationship between 
the diameter "A" of the noble metallic firing tip and the 
diameter "B u of the contact area at the boundary be- 
tween the fused junction layer and the base electrode 
member. In this case, the diameter "B" is represented 
by the diameter of a circle formed when the above-de- 
fined contact area is projected in the axial direction of 
the noble metallic firing tip. 

[0020] If B is smaller than 1.3A (i.e., B<1 3A), the no- 
ble metallic firing tip will fall or drop out of the base elec- 
trode member due to thermal deformation of the base 
electrode member. 

[0021] To improve the performance of the spark plug, 
it is necessary to downsize the noble metallic firing tip 
to have the diameter "A" in the range of 0.3 mm to 0.6 
mm. 

[0022] When the diameter "A" of the noble metallic fir- 
ing tip is in the range of 0.3 mm to 0.6 mm, the fused 
junction layer has a corresponding small diameter. This 
is not desirable in that the noble metallic firing tip cannot 
smoothly release the received heat to the base elec- 



trode member. 

[0023] Thus, the fused junction layer with a lower 
melting point is subjected to high temperatures. The 
bonding strength is so reduced that the noble metallic 
5 firing tip will fall or drop out of the base electrode mem- 
ber due to thermal deformation of the base electrode 
member. 

[0024] Establishing the above-described relationship 
B> 1.3A is mandatorily necessary to solve these prob- 
to lems. 

[0025] Second, according to the present invention, 
the fused junction layer must contain 40—70 wt% noble 
metallic firing- tip component. If the noble metallic firing 
tip component is less than 40 wt%, the fused junction 

?5 layer will have a poor endurance strength due to the 
thermal stress. In the same manner, if the noble metallic 
firing tip component is larger than 70 wt%, the fused 
junction layer will have a poor endurance strength due 
to the thermal stress. 

20 [0026] In short, the fused junction layer and the non- 
fused portions of the noble metallic firing tip and the 
base electrode member are all subjected to high tem- 
peratures when the spark plug is in use. A significant 
amount of thermal stress acts in the bonding boundaries 

2S therebetween due to the difference of material compo- 
nents. 

[0027] To suppress the thermal stress, it is necessary 
to reduce the thermal expansion difference between the 
fused junction layer and the non-fused portion of the no- 
30 ble metallic firing tip as well as between the fused junc- 
tion layer and the non-fused portion of the base elec- 
trode member. 

[0028] Thus, the fused junction layer containing 
40—70 wt% noble metallic firing tip component is man- 
35 datorily necessary to effectively reduce the thermal ex- 
pansion differences acting at the bonding boundaries 
and maintain the bonding strengths at satisfactory lev- 
els. 

[0029] In the above-defined range, the noble metallic 
40 firing tip component is shifted toward a larger value in 
the weight percentage (wt%). This is because, when the 
spark plug is installed in an internal combustion engine, 
the noble metallic firing tip is exposed to a severe ther- 
mal environment compared with the base electrode 
45 member. In other words, it is effective to reduce the com- 
ponent difference at the higher-temperature side to sup- 
press the thermal stress which proportionally increases 
with rising temperature. 

[0030] The axial length a L" of the non-fused portion of 
so the noble metallic firing tip is in the range of 0.2 mm £L£ 
0.7 mm. In this case, the boundary between the noble 
metallic firing tip and the fused junction layer is defined 
by the uppermost position of the fused junction layer 
closest to the top of the noble metallic firing tip. 
& [0031] If the length W L B is less than 0.2 mm, an electric 
discharge will occur from the fused junction layer. This 
will worsen the wear and abrasion resistance. 
[0032] If the length n L" is larger than 0.7 mm, not only 
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the heat radiation but the material strength will be wors- 

thTL^r ,ead to ,he ,usion ° r breakin9 damage * 

[0033] Namely, when the noble metallic firing tip 
wears during operation of the spark plug, an electric dis- 
charge occurs from the fused junction layer. According 
to the present invention, the fused junction layer is an 
alloy of the noble metallic firing tip and the base elec- 
trode member which is weak against the wear. Hence 
the life of the spark plug is shortened due to the weak- 
ness of the fused junction layer. 
[0034] To prevent this problem, the length "[_" of the 
non-f used portion of the noble metallic firing tip must be 
equal to or larger than 0.2 mm so that no electric dis- 

wh a e r n?h! an fr ° m thS fUSed junCtion ^ even 

when the noble metallic firing tip is worn a little 

than 0.2 mm. the heat generated by spark discharge will 
Co f^^'V transferred from the noble metallic firing 
sfreLh ST 39 e ' eCtr0de member Furthermore, the 
h i m 9 ? , t e fadlal direC,i ° n de 'eriorates when the no- 
te uTJl te '" C 1 ! ,rin 9 li ? has a sm all diameter. This will lead 
to fuston or break.ng damage of the noble metallic firing 

[0036] Thus, to assure the sufficient life of the spark 
Plug, it is necessary to set the length "L" of the non-fused 
fineTrange n ° b ' 8 " P ' he abov e-de- 

thf 71 ^ n T 9th " M " ° f the ,used ' unc,ion 'aver is in 
the range of 0.2mm <M<0.7mm. In thiscase, thi i length 
M ,s an axial length from an upper end to a lower end 
The upper end is the uppermost position of the fused 
unction layer closest to the top of the noble metallic fir- 
he ° T r ^ iS tHe ' OWermost P««fan of 
member ^ ^ l ° the base e,ectrode 

Si , Wh9n ,hS ' ength ° M ' is ,ess ,han 0 2 mm, it is 
difficult to .ncrease the laser beam energy. The depth of 
the fused junction layer.is insufficient. The non-fused 
port™ may remain at the boundary between the noble 
metallic firing „p and the base electrode member. The 
bonding strength will be insufficient 

X 0 ?m the ,K ther hand ' When ,ha ,en 9 ,h " M " is la 'g- 

SIT <l ' 0 C ° St inCreaSes due t0 the elongated 
length of the noble metallic firing tip 

[0040] The diameter "A" of the noble metallic firing tip 
.s in the range of 0.3 mm <A< 0.6 mm. When the diam 

I m J T S V han 0 3 mm ' the nob,e meta,lic "ring «P 
On the I I " V T* t0 concentratad ^rk discharges 
On the other hand, when the diameter "A" is larger than 
0 6 mm. the ignitability is worsened 
[0041] Namely, the ignitability is improved when the 
dimeter "A" of the nobie metallic firing tip is small How 
ever when the diameter »A» is too much smaH, the nobTe 

Z2Z£S£ ^ h6aVi,y ^ * — 
[0042] Hence, to extend the life of the spark plug it is 
necessary to assure the ignitability and the wear resist- 



tTc!^!," 01516 meta " iC firing li P Thus ' * is necessary 

1 !L ^ meter " A " ° f thS nob,e metallic """9 tip 7n 
the above-defined range 

s ssl i p r invention has ,he ,o,,owin9 fu - 

[0044] The noble metallic firing tip. the base electrode 
member, andthe fused junction layerare configured into 
a shape satisfying the above-defined relationships The 
w M UnCti0n ' ayer h3S the ab °^efined component 

SLf enC8 K rt becomes P ossib 'etopreventthebonding 
reg»n from being thinned during the bonding operation 
of the noble metallic firing tip by the laser welding Fur- 
thermore, it becomes possible to maintain the bonding 
strength endurable against thermal stresses. Moreover 
it becomes possible to maintain better ignitability and 
wear resistance. y 

i!! 4 ? , Accordin 9V. the present invention provides a 
sparkplug which has an excellent strength in the fused 
junction layer formed at the boundary between the 

r 2 ameter n ° b,e me,a,lic firi "9 * «* the base 
electrode member, thereby assuring high performance 
and long life of the spark plug preferably applicable to 
internal combustion engines. 
25 £n 4 ? Fu 4 rthermors ' according to the present invert- 
on^ . i able ' hat the n ° b,e m6,a,,ic firi "9 tj P ^m- 
a , S i° ne com P° nent se <aoted from the group 
cons.st.ng of Pt, Ir, Pd. Ru. Rh. and Os P 

S„ This . is advantageous in that the noble metallic 
30 I -'h 9 t J P Can ,mpr ° Ve ,he ^sistance to oxidation in the 
high-temperature environment. Thus. It becomes pos- 
sible to effectively suppress the wear of the noble me- 
talhc firing tip and extend the life 

Jinn 4 ?. Fu f r,h9rmore ' according to the present inven- 
ts „h praferab,e ,hat «he noble metallic firing tip com- 

1 7 he noble metal ' ic « ri ng tip can improve the re- 
sistance to ox.dat.dn. The life of the nob.e metallic firing 
tip can be extended. a 

40 Inn 5 ?- Fu 1 nerrnore ' according to the present inven- 
1 hi ' S Pre ' erable ,h3t ,hS baSe e,ec,roda member is 
and Cr' reSIS a "° y C ° n,ainin 9 Ni with additiv es of Fe 

45 f°°H 11 T u S iS advanta geous in that the base elec- 
trode member can improve the heat resistance. Thus it 
becomes possible to extend the life of the spark plug 

rooSi Tl ,n th8 ,hermal, y severe environment 
[0052] Furthermore, according to the present inven- 

50 T m Lt pre,erable th at the nob.e metallic firing tip is 
ormedbyextendinganingotofanoblemetallicmateria. 
n o a w.re through a hot forging, and cutting the ob- 
tained wire into a piece of the noble metallic firing tip 
having a predetermined length. 

55 ?h S3 K The n ° ble metallic firi °g tj P- fabricated in the 
above-described processes, has uniform distribution in 
blowholes and materia, components and is therefore 
free from the organic or structural roughening. Thus it 
becomes possible to easily obtain a noble metallic firing 
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tip excellent in the wear resistance. Namely, the life of 
the spark plug can be extended. 

[0054] Furthermore, according to the present inven- 
tion, it is preferable that the fused junction layer has a 
trapezoidal cross section. This is advantageous in that 
the bonding strength between the noble metallic firing 
tip and the base electrode member can be improved. 
[0055] Furthermore, according to the present inven- 
tion, it is preferable that the fused junction layer is 
formed by entirely fusing the boundary between the no- 
ble metallic firing tip and the base electrode member 
without leaving a non-fused boundary. This arrange- 
ment is effective to assure a sufficient bonding strength 
of the fused junction layer. 

[0056] Furthermore, according to the present inven- 
tion, it is preferable that the fused junction layer has a 
minimum axial length n T M equal to or larger than 0.05 
mm at the axial center of the noble metallic firing tip. The 
fused junction layer is formed at an end portion of the 
noble metallic firing tip. 

[0057] Another aspect of the present invention pro- 
vides a method for manufacturing a spark plug of an in- 
ternal combustion engine, comprising the steps of: 

disposing a Ni-containing central electrode at least 
at one end of a through hole of an insulator held in 
a housing; 

providing a Ni-containing grounded electrode on 
the housing in a confronting relationship with the 
central electrode to form a spark gap between the 
central electrode and the grounded electrode; 
bonding a noble metallic firing tip on at least one 
confronting surface of the central electrode and the 
grounded electrode by applying a laser beam to a 
boundary between the noble metallic firing tip and 
a base electrode member of the confronting sur- 
face, said noble metallic firing tip having a diameter 
"A" in the range from 0.3 mm to 0.6 mm; and 
hardening the laser welded portion so as to form a 
fused junction layer at the boundary between the 
noble metallic firing tip and the base electrode 
member, 

wherein the fused junction layer contains 40—70 
wt% noble metallic firing tip component, 
the noble metallic firing tip has a non-fused portion 
axially extending from its top to an upper end of the 
fused junction layer by an axial length "L", where 
0.2 mm <L<0.7 mm, 

the fused junction layer axially extends from the up- 
per end to its lower end by an axial length "M 0 , 
where 0.2 mm <M< 0.7 mm, and 
the relationship B> 1.3A is established 
where "B" represents the maximum width of a con- 
tact area which is formed by projecting the bound- 
ary between the fused junction layer and the base 
electrode member in an axial direction of the noble 
metallic firing tip. 



[0058] In the bonding step, the noble metallic firing tip 
is put on the base electrode member or temporarily fixed 
by resistance welding. And then, the laser beam is ap- 
plied to the boundary between the noble metallic firing 
5 tip and the base electrode member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] The above and other objects, features and ad- 
io vantages of the present invention will become more ap- 
parent from the following detailed description which is 
to be read in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a cross-sectional view showing a base elec- 
trode member, a noble metallic firing tip, and af used 
junction layer of a spark plug in accordance with a 
preferred embodiment of the present invention; 
Fig. 2 is a partly-sectional front view showing the 
overall arrangement of the spark plug in accord- 
ance with the preferred embodiment of the present 
invention; 

Figs. 3A to 3D are views illustrating the method for 
bonding the noble metallic firing tip to the base elec- 
trode member in accordance with the preferred em- 
bodiment of the present invention; 
Fig. 4 is a graph showing the relationship between 
the wear amount and the diameter of the noble me- 
tallic firing tip obtained in experiment 1 of the 
present invention; 

Fig. 5 is a graph showing the relationship between 
the ignitable air-fuel ratio limit and the diameter of 
the noble metallic firing tip obtained in experiment 
2 of the present invention; 

Fig. 6A is a cross-sectional view showing a condi- 
tion before the noble metallic firing tip is bonded to 
the base electrode member, and Fig. 6B is a cross- 
sectional view showing a condition after completing 
the bonding of the noble metallic firing tip to the 
base electrode member, in experiment 3 of the 
present invention; 

Fig. 7 is a graph showing the relationship between 
the bonding strength and the component ratio of the 
noble metallic firing tip contained in the fused junc- 
tion layer obtained in experiment 4 of the present 
invention, 

Fig. 8A is a cross-sectional view illustrating the 
method for forming each test sample used in an 
evaluation, and Fig. SB is a view illustrating the 
measurement points for checking the component 
ratio in the fused junction layer, in the experiment 4; 
Fig. 9A is a cross-sectional view showing cracks ap- 
peared after the endurance test in the example of 
oc=30%, and Fig. 98 is a cross-sectional view show- 
ing cracks appeared in the example of a=S0%, ob- 
served in the experiment 4; 

Fig. 10 is a cross-sectional view showing a non- 
fused boundary formed when the laser energy is 
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low in the bonding of the noble metallic firing tip to 
the base electrode member, in the experiment 4; 
and 

Figs. 11 A to 1 1 C are views illustrating a convention- 
al method for boding the noble metallic firing tip to 
the base electrode member. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0060] Figs. 1 through 3 show a spark plug applicable 
to an internal combustion engine in accordance wl a 
preferred embodiment of the present invention 
[0061] As shown in Fig. 2, a spark plug 1 comprises 

rode 28 disposed at least at one end of the through hole 
110, a hous.ng 1 5 holding the insulator 11 , and a ground- 
ed electrode 29 provided on the housing 15 in a con- 
fronting relationship with the central electrode 28 to form 
a spark gap 27 between the central electrode 28 and 
the grounded electrode 29. 

[0062] According to this embodiment, a noble metallic 

oTthe t S 3 , iS rr ded ^ th6 laS6r WeWin 9 o" tha See 
SSSS. - ^"* 28COnfranti "9 «»» mounded 

[0063] Furthermore, as shown in Fig. 1 , the noble me- 
tal jo fcj,8jp 3 is laser welded toa base electrode mem- 
tlL J the w Central electrod « 28 so as to form a trape- 
zoidal fused junction layer 4 at the boundary between 
the noble metallic firing tip 3 and the base eleJode 
member 2 in which the noble metallic firing tip 3 and the 

hard'nS 1 ^ * - ^ and •»« 

[0064] The fused junction layer 4 contains 40-70 
wt% noble metallic firing tip component 

Th .? n ° ble meta " iC firin9 tip 3 nas a non-fused 
port,onax,allyextendingfromtheto P 3l loan upper end 

0 2 mm ^ JUnCtbn ' ayer 4 by a ,en 9 ,h where 
u.d mm <L< 0.7 mm. 

[0066] The fused junction layer 4 axially extends from 
the upper end 43 to its lower end 42 by a length "M 
where 0.2 mm <M< 0.7 mm. " 

SS 6 ? k Furthermore ' ,he relationship B> 1 3A is estab- 
hshed when "A" represents the diameter of the noble 
metelhc finng t, P 3 and "B" represents the diameter of a 
contact area at the boundary between the fused junction 

[0068] In Fig. 2, reference numeral 13 represents a 
rooTo, ,Srmina ' f ° r 3 hi 9 h - volta 9« ^ectric cord. 
iVS . T m6,h0d f ° r b0ndin 9 ,he noble m etal- 

t 1 9 w P ° n, ° the b8Se 6,ectrode memba ' 2 will be 
explained with reference to Figs 3A to 3D 
[0070] Accordjng t0 tnjs embodjment the nob(e 

[0071] The noble metallic firing tip 3 is formed by ex- 
tendmg an mgot of the above-described noble metallic 
material ,nto a wire through the hot forging, and cutting 



wi l imo a piece of ,he nob,e me,aiiic « rin 9 

tip having a predetermined length 

I°t° 0 n 2] rf FirS, 'o he n ° b,e me ' a " ic firin 9 tip 3 is P'aced on 
5 VZ t ? 211 ° f 3 sma,ler -^meter rod portion 21 
of the base electrode member 2. and is temporarily fixed 
by the resistance welding (refer to Figs. 3A and 3B> The 
I 0 U* Smal,er - dia ^ter rod portion 21 is larger 
than that of the noble metallic firing tip 3. Next, the laS 

io 5 r aPP " ed t0 the boundaf V between the noble 

metal c f,r,ng t, P 3 and the smaller-diameter rod portion 

[0073 e ! eC,r ° de 2 ^ to Fi ° SO. 

[0073] Under the irradiation of the laser beam 5 the 

base electrode member 2 is rotated and intermittently 

* ancles" IV ^ °' ^ 3n9Ular SP ° tS Spacad a « -3 
angles ,n the circumferential direction of the base e.ec- 
trade member 2. 

fSth M 9h Ma l3Ser We ' din 9' ,ne b^^ry be- 
tween the noble metallic firing tip 3 and the smaller-di- 

» Sedbv i' 0 ^ 0 " 21 ° f th9 baS ° eleC,rode mem ber 2 
s fused by iaser energy. After finishing the irradiation of 

adiSon ofT, 5 ;,;' 6 l US6d P ° rti0n iS ,6ft for a wbil ° *» 
rad,at IO n of heat, thereby forming the fused junction lay- 

e.ect be r en "!! n ° ble meta,MC firin 9 ,ip 3 a " d 'be base 
2s 1 IT, member 2 - Tne fused Action layer 4 is con- 

Ta andZ" h W ^ fein b0th ,hS n0ble mela,,ic """9 

?«n h h w 8Se e ' eC,r0de member 2 ar e fused and 
then hardened (refer to Fig. 3D) 

E, Tha a bove-described spark plug has the fol- 
lowing functions and effects. 

30 JSfJ n o° b,e me,a " iC firin9 tip 3 the base elec- 

ted ST 2 h ^ ,US6d jUnclion ,avar 4 - con- 
Snshtl th , P ! Sa,ISfyin9 the ab °ve-defined rela- 
t.onsh.ps. The fused junction layer 4 has the above^e- 

35 1 t COm P onent ratio - Hence, it becomes possible to 
* mamtam the bonding strength so as to be endurabte 
agains, the rmal stresses in the bonded regfor 'between 

memn? o , T ^ Up 3 and the basa electrode 
tafn hi Furtham ™ e . " becomes possible to main- 
4 0 rnn-^ '9nitability and wear resistance 

£n? uo ' n h 9enera '' 38 ShOWn in Fia " 3D - tn e Wsed junc- 

becal tS 8 , WaVy h ed9SS * itS Upper and lower a nds 
because the laser beam 5 is applied to the predeter- 

r^tfonas 0 ? "T^ h the circumferential di- 

rection as described above. 

45 J" ,l h, 'V aSer Weldin9 periorr "ed for bonding the 

2 th a ha T lnn9 " P 3 10 the base e,ectro ^ member 

terino of Z t ^ T*" 2 * SUbjeC,ed ,0 ,he scat " 
! " 9 ° f the base melal due to the sputtering. Accord- 

*> r?e y dcedr e r sib,iitythataneckedpo ^ ha - 

boundaTn ?,Tk ^ may b8 f ° rmed nSar the bondi "9 
boundary of the base electrode member 2 

me d!L!Ir e f V fK 3CCOfdin9 t0 me present invs n«o". 
laL T k thS smaller ' dia ^eter rod portion 21 is 
arger than that of the noble metallic firing tip 3 The 

,n crirT ' ayer 4 remainS in *° ,rape2oida ' sbape 
^Imo c 6C ° n u ft6r We,din9 operati °" - completed 
referto F,g 1 ). Hence, it is possible to prevent the bond- 
•"9 region from being thinned undesirably. The noble 
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metallic firing tip 3 can smoothly transfer the received 
heat to the base electrode member 2. The bonding 
strength can be maintained at satisfactory levels. 
[0080] Furthermore, the noble metallic firing tip 3 is 
made of an Ir-Rh alloy containing Ir with an additive of 
Rh, and is formed by extending the noble metallic ma- 
terial into a wire through a hot forging and then cutting 
the obtained wire into a piece of the noble metallic firing 
tip as described above. 

[0081] Hence, the noble metallic firing tip 3 can im- 
prove the resistance to the oxidation in the high-temper- 
ature environment. It becomes possible to effectively 
suppress the wear of the noble metallic firing tip. The 
noble metallic firing tip 3 has uniform distribution in blow- 
holes and material components and is therefore free 
from the organic or structural roughening. Thus, it be- 
comes possible to improve the wear resistance of the 
noble metallic firing tip 3. The life of the spark plug 1 can 
be extended. 

[0082] Accordingly, the above-described embodi- 
ment provides the spark plug which has an excellent 
strength in the fused junction layer formed at the bound- 
ary between the small -diameter noble metallic firing tip 
and the base electrode member, thereby assuring high 
performance and long life of the spark plug so as to be 
preferably applicable to internal combustion engines. 

Experiment 1 

[0083] Fig. 4 shows the relationship between the wear 
resistance and the diameter "A" of the noble metallic fir- 
ing tip obtained through an experiment conducted by the 
inventor. The noble metallic firing tip 3 used in this ex- 
periment is bonded on the surface of the central elec- 
trode 28 (refer to Fig. 2). 

[0084] The noble metallic firing tip 3 is made of an lr- 
10wt%Rh material. The diameter "A" of each experi- 
mented noble metallic firing tip 3 ranges from 0.2 mm to 
1.0 mm. The length is fixed to 1 .0 mm. 
[0085] Furthermore, a disc-shaped firing tip is bonded 
on the surface of the grounded electrode 29 by the laser 
welding. The disc-shaped firing tip is made of the same 
material as that of the noble metallic firing tip 3, and has 
the size of 1.0 mm in the diameter "A" and 0.3 mm in 
the length. 

[0086] Each tested spark plug was installed in a 4-cy- 
cle, 6-cylinder, 2,000 cc internal combustion engine. 
The engine was driven at the full load of 5,600 rpm for 
200 hours to measure the enlarged amount of the spark 
gap 27. Based on the measured variation in the spark 
gap 27, the wear amount of the noble metallic firing tip 
3 on the central electrode 28 was obtained. 
[0087] The above-described test conditions are com- 
parable with the practical conditions of the spark plug 
actually installed in an engine of an automotive vehicle 
which has run the distance of about 50,000 km in the 
ordinary driving conditions. 
[0088] Fig. 4 shows the obtained test result. 



[0089] As understood from Fig. 4, the spark discharge 
occurs in the concentrated manner when the diameter 
"A 0 of the noble metallic firing tip 3 is less than 0.3 mm. 
The wear amount is greatly increased in this region. 
5 [0090] Accordingly, the test result demonstrates that 
a desirable range of the diameter "A" of the noble me- 
tallic firing tip is equal to or iager than 0.3 mm. 

Experiment 2 

10 

[0091] Fig. 5 shows a relationship between the ignit- 
ability and the diameter °A a of the noble metallic firing 
tip obtained through another experiment conducted by 
the inventor. The ignitability was evaluated by using a 

is 4-cylinder, 1 ,600 cc internal combustion engine driven 
in an idling condition (at the engine speed of 650 rpm) 
where the ignitability needs to be highly reliable. The 
tested spark plugs were identical with those used in the 
above-described experiment 1. 

20 [0092] In the judgement, the engine was continuously 
driven at the idling condition with a certain air-fuel ratio 
(i.e., a ratio of the air amount to the fuel amount) for two 
minutes. If one or no firing failure (detectable as HC 
spikes) is detected during two minutes, the engine was 

25 further continuously driven at the idling condition of an 
increased air-fuel ratio. 

[0093] The driving test at the idling condition was re- 
petitively done in this manner until at least two firing fail- 
ures were detected during two minutes, thereby detect- 

30 ing an ignitable air-fuel ratio limit. 

[0094] The above-described measurement for detect- 
ing the ignitable air-fuel ratio limit was repeated three 
times for each of tested spark plugs. When the spark 
plug has a large ignitable air-fuel ratio limit, an excellent 

35 ignitability is obtained even in a lean fuel mixture. 

[0095] In the measurement, there is the possibility 
that judgement error or contingent firing failure may be 
erroneously detected as a firing failure. This is why the 
detection of only one firing failure during two minutes 

40 was neglected. 

[0096] As understood from the measured result 
shown in Fig. 5, the ignitability was worsened with in- 
creasing diameter A" of the noble metallic firing tip. Es- 
pecially, the ignitability was greatly worsened when the 

4 5 diameter A" exceeds 0.7 mm. 

[009*7] Accordingly, to assure sufficient ignitability, the 
diameter "A" of the noble metallic firing tip needs to be 
equal to or smaller than 0.6 mm. 

[0098] Needless to say, worsening the ignitability is 
so disadvantageous in view of present and/or expected fu- 
ture reinforcement in the fuel or exhaust gas regulations. 
[0099] On the other hand, as described in the exper- 
iment 1 , too much reducing the diameter "A" is not de- 
sirable in that the wear resistance is greatly worsened. 
55 [0100] Although the discharge voltage reduces with 
decreasing diameter "A 0 , the spark discharge occurs in 
the concentrated manner so as to promote the wear at 
the electrode. 
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[0101] In view of the foregoing, it is necessary to set 
he diameter "A" in the range of 0.3 mm s A s 0 6 mm 
to satisfy the requirements of both the wear resistance 
and the ignitabiiity of the noble metallic firing tip. 

Experiment 3 



14 



[0110] Table 1 shows the tested result. 



[0102] Table 1 shows a relationship between the heat 
resistance and the ratio "B/A" obtained through an ex- 
periment conducted by the inventor, where "B" repre- 
sents the diameter of the fused junction layer 4 and "A" 
r™ SentS thS diameter of tne noble metallic firing tip 3 
[0103] Figs. 6A and 6B are views showing the sample 
used in the evaluation. 

[0104] In the experiment, various kinds of the base 
electrode members 2, each having the small-diameter 
rod portion 21 different in the diameter "C» were pre- 
pared. Various kinds of the noble metallic firing tips 3 
different in the diameter "A", were welded on the surfac- 
es of the prepared small-diameter rod portions 21 (Refer 
to Fig. 6A). Through the laser welding, the diameter "C" 
was equalized to the diameter 'B" of the above-de- 
scribed contact area (refer to Fig. 6B). 
[01 05] More specif ical V. the diameter "A" was 0 3 mm 

was 0 S m mm h8 °' ^ n ° b ' e meta " iC fir '" n9 tip 3 

[0106] Furthermore, as shown in Fig. 6A, the small- 
diameter rod portions 21 has the axial length »D" of 0 15 
Tl" f " r,nermore - the base electrode member 2 has a 
skirt 22 extending from the lower edge of the small-di- 
ameter rod portions 21 . The spread angle of the skirt 22 

IS 

[0107] In the bonding of the noble metallic firing tip 3 
to the base electrode member 2, the laser beam 5 was 
applied to the position offset from the top surface 21 1 of 
he base electrode member 2 toward the noble metallic 
firing tip 3 by a distance 0.025 mm. The irradiation of the 
laser beam 5 was performed at a total of ten spots an- 
gularly spaced at equal intervals in the circumferential 
direction. *» 

[0108] Fig. 6B shows the completed bonding struc- 
ture with the fused junction layer 4, based on which the 
evaluation was done. More specifically, in the resultant 
spark plug, the length "L"of the non-fused portion of the 
noble metallic firing tip 3 was 0.7 mm and the length "M" 
o the fused junction layer 4 was 0.3 mm. Two test sam- 

m^r' r l USed f ° r 9ach of tne Nation conditions 
[01 09] The evaluation conditions were determined in 
the following manner. Each tested spark plug was in- 
stal ed m a 4-cycle. 6-cylinder, 2,000 cc internal com- 

f US i 'I 8 " 9 ™' The en9ine was driven ^ the full load 
of 6,000 rpm while advancing the ignition timing to 
measure the generation of the pre-ignition. Then, based 
on the result of the measurement, the ignition timing was 
held immediately before the critical point where the pre- 
ignition occurred. Then, the engine was driven for one 
hour to check the heat resistance of each tested spark 
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25 
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A inclination of noble metallic firing tip 
X — drop out of noble metallic firing tip 

SVI 3 J" ,he ,3ble 1 ' ,hS ex P ressior > A~ 1 -5A indicates 
ha the diameter "A" is 1 .0-1 .5 times the diameter "A" 

E.* h / u * hermore > in lhe table 1, every spark plug 
marked by O was normal. Every spark plug marked by 
A demonstrated the inclined noble metallic firing tip due 
to thermal softening of the fused junction layer Every 
spark plug marked by x caused the drop out of the noble 
metallic firing tip. 

[0113] As understood well from the table 1 , no abnor- 
mality was found in both cases of the diameter "A"= 0 3 
mm and 0.6 mm when B is equal to or larger than 1 3A 
Accordingly to assure the heat resistance of the spark 
Plug, it is necessary to satisfy the relationship B > 1 .3A. 

Experiment 4 



35 



40 



45 



so 



55 



,1 I y- 7 13 a graph showin 9 tbe evaluation result 
in he bonding strength in relation to the component ratio 
of the noble metallic firing tip 3 in the fused junction layer 

[0115] The tested samples shown in Figs. 6A and 6B 
were used in this evaluation, although the diameter "A" 
of the noble metallic firing tip 3 was 0.3 mm considering 
the severe thermal load. In the performed endurance 

?fn\r e , C0 T 0nent rati ° ° f the noble me,a »ic firing tip 
3 in the fused junction layer 4 was controlled by chang- 
ing the irradiation position of the laser beam 5 at a plu- 

ra 7«f a ^ tUdina ' ISVelS 38 Shown in Fi 9*. 8A and SB 
[0116] Thelength "M" of the fused junction layer 4 was 
0.3 mm. The used laser energy was 7.5 J (joule). The 
aser irradiation was performed so that the fused por- 
tions overlapped with each other from opposed angles 
The irradiation of the laser beam 5 was performed at a 
total of ten spots angularly spaced at equal intervals in 
the circumferential direction. 

[0117] First, the fused junction layer 4 was formed by 
applying the laser beam 5 at an altitudinal level 51 offset 
from the top surface 21 1 of the base electrode member 
2 toward the base electrode member 2 by a distance 
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0.025 mm shown in Fig. 8A. In the sample obtained 
through this laser welding, the component ratio of the 
noble metallic firing tip in the fused junction layer 4 was 
30% (i.e., o=30%). 

[0118] Then, the irradiation position was successively 
shifted upward to apply the laser beam 5 from the alti- 
tudinal levels 52, 53, 54, 55 and 56 which were vertical 
spaced at intervals of 0.025 mm. The laser level 52 was 
identical with the height of the top surface 211. Thus, 
other samples were obtained. The obtained test sam- 
ples were differentiated in the component ratio a of the 
noble metallic firing tip 3 in the fused junction layer 4 
(more specifically, ou= 40, 50, 60, 70 and 80 wt%). 
[01 19] I n this description, the component ratio a is de- 
fined as the weight percentage of the noble metallic fir- 
ing tip 3 contained in the fused conjunction layer 4. 
[0120] In the measurement of the component, the 
fused conjunction layer 4 was cut along a plane passing 
through its central axis. The cut surface was analyzed 
by the EPMA (the micro analysis based on the electron 
beam scanning). 

[0121] The measurement was performed at a total of 
four measuring points on the surface of the fused junc- 
tion layer 4 as shown by X in Fig. SB, arrayed along two 
vertical lines offset by A/4 from the center of the fused 
junction layer 4 and two horizontal lines equally dividing 
the fused junction layer 4 extending from the upper end 
43 to the lower end 42 at the intervals of M/3. An average 
of the measured data was used for the evaluation, al- 
though substantial no dispersion was recognized be- 
tween the measured data because the fused junction 
layer 4 of each tested sample is uniform in alloy compo- 
nent. 

[0122] In this manner, the endurance test was per- 
formed by using the spark plug 1 (shown in Fig. 2) hav- 
ing the noble metallic firing tip 3 bonded on the top of 
the central electrode 28 by the laser welding. 
[0123] To check the durability of the tested spark plug, 
the spark plug was subjected to thermal shock for 100 
hours in a 6-cylinder, 2,000 cc internal combustion en- 
gine which was driven in a predetermined cyclic mode, 
each cycle including one minute driving at the idling 
speed and one minute driving at the full load of 6,000 
rpm. 

[0124] Fig. 7 shows the measured data obtained in 
the endurance test, in the relationship between the 
bonding strength (N: Newton) of the fused junction layer 
4 and the component ratio a of the noble metallic firing 
tip 3 in the fused junction layer 4. 
[0125] The bonding strength is defined by the flexural 
strength at the fused junction layer 4. Having a larger 
flexural strength is effective to improve the connection 
between the noble metallic firing tip 3 and the base elec- 
trode member 2. In other words, it becomes possible to 
obtain a spark plug which is capable of smoothly reliev- 
ing thermal stresses and is therefore excellent in dura- 
bility. 

[0126] As understood from Fig. 7, the tested samples 



were roughly constant in the flexural strength regardless 
of the difference of the component ratio a before starting 
the endurance test. However, it was found that the flex- 
ural strength greatly deteriorated after finishing the en- 

5 durance test when the component ratio a was 30%. It 
was later confirmed through the detail inspection that 
tiny cracks 6 appeared due to thermal stresses along 
the boundary between the fused junction layer 4 and the 
noble metallic firing tip 3, i.e., along the upper end 43 of 

10 the fused junction layer 4. 

[0127] Furthermore, it was also found that the flexural 
strength greatly deteriorated after finishing the endur- 
ance test when the component ratio a was 80%. It was 
also later confirmed through the detail inspection that 

is tiny cracks 6 appeared due to thermal stresses along 
the boundary between the fused junction layer 4 and the 
base electrode member 2, i.e., along the lower end 42 
of the fused junction layer 4. 

[01 28] In view of the foregoing, it is concluded that the 
20 component ratio a needs to be in the range from 40 wt% 
to 70 wt% to assure the satisfactory bonding strength 
for the noble metallic firing tip 3. 

[0129] Furthermore, in the above-defined desirable 
range, the noble metallic firing tip component is shifted 

25 toward a larger value. This is because, when the spark 
plug is installed in an internal combustion engine, the 
noble metallic firing tip 3 is exposed to a severe thermal 
environment compared with the base electrode member 
2. In other words, it is effective to reduce the component 

30 difference at the higher-temperature side to suppress 
the thermal stress which proportionally increases with 
rising temperature. 

[0130] Similarly, the endurance test was performed 
on the test samples of the noble metallic firing tips 3 hav- 
35 jng the diameter "A" of 0.6 mm. As a result, the prefer- 
able bonding strength was obtained when the compo- 
nent ratio a was in the range from 40 wt% to 70 wt% (i. 
e., 40 wt% < a £ 70 wt%). 

[0131] For comparison, the laser energy was reduced 
40 to 6 J to form separate smaller fused layers 4 with a non- 
fused boundary 7 as shown in Fig. 10. In this case, it 
was confirmed that the. flexural strength greatly deterio- 
rated even in the range of 40 wt% < a < 70 wt%. 
[0132] It is believed that each isolated fused junction 
45 layer 4 triggers the concentration of stress which induc- 
es the cracks 6. Hence, in the formation of the fused 
junction layer 4, it is necessary to eliminate the non- 
fused boundary 7. According to the experimental data, 
it is preferable that the fused junction layer 4 has a min- 
so imum axial length "T" equal to or larger than 0.05 mm 
at the axial center of the noble metallic firing tip 3 (refer 
to Fig. 1), so that the internal (thermal) stress can be 
sufficiently suppressed. 

[0133] This invention may be embodied in several 
55 forms without departing from the spirit of essential char- 
acteristics thereof. The present embodiment as de- 
scribed is therefore intended to be only illustrative and 
not restrictive, since the scope of the invention is defined 
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by the appended claims rather than by the description 

Z TV T. M Chan9eS ' hat ,a » ^ <he me es 
and bounds of the claims, or equivalents of such metes 

r c i°r s ■ are therefore in,ended - - — " 

[0134] Asparkplugforaninternalcombustionengine 
comp rises a nob(e meta||jc fjrjng 9 

the opposing surface of either a central electrode (28^ 

form^T, (29) Afused i^cfion layer (4) 

formed between the noble metallic firing tip (3) and he 
base electrode member (2), contains 40-70 J% noLle 
meta tc : f, ring tip component. The noble metaling 

lenS 'V a h non l used P° rtion ^ially extending by a 
eng th L where 0.2 mm <L< 0.7 mm. The fused junc 

mm <Z ( nl ^ iW-n * by 3 ,en9,h where S 2 
mm ^M< 0.7 mm. And, the relationship B> 1 3A is es 
tab -shed when "A- represents the diameter o the nob e 
meteinc ,r,ng tip (3) and "B" represents the diame^r of 
a contact area at the boundary between the fused junc- 

: assr base e,ectrode memb - *» 

Claims 



2. 



40 



1. A spark plug for an internal combustion engine 
comp„ sing an jnsu|ator a 8 ^ 

(110), a central e.ectrode (28) disposed at feast a 

said in^f^ thr ° U9h h0,e ' 3 h ° USi "9 5 > ^ding 

« «h h : 3 9r ° Unded e,6Ctrode < 29 > P rovi <>ed 
on said housing ,n a confronting relationship with 
said central electrode to form a spark gap (27) be- 

r rodttr rai s,ec,rode - saS ~ 

a noble metallic firing tip (3) bonded on at least 
one confronting surface of said central elec- 
trode and said grounded electrode, said noble 
metallic firing tip being laser welded to a base 
electrode member (2) of said confronting sur- 
face so as to form a fused junction layer (4) at 
the boundary between said noble metallic firing 

MM M baS9 e ' eCtr0de memb6r W hic£ 
said noble metallic firing tip and said base elec- 

T-l^T f K? 9d jUnCti ° n ' ayer < 4 > contains 
40-70 wt% noble metallic firing tip component, 
said noble metallic firing tip (3) has a non-fused 
portion axially extending from its top (31 ) to an so 
upper end (43) of said fused junction layer by 
an axial length V. where 0.2 mm <Ls 0 7 mm 

f S rnlL USed ,UnC,i ° n ' ayer (4) ^nds 
from the upper end (43) to its lower end (42) bv 

anaxiallength "M". where 0.2 mm <Ms 0.7 mm 55 

the relationship B> 1.3A is established when 
A represents the diameter of said noble me- 
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tellic firing tip (3) and «B» represents the diam- 
eter of a contact area at the boundary between 
said fused junction layer (4) and said base elec- 
trode member (2), where 0.3 mm s Aso.6 mm. 

The spark plug for an internal combustion engine in 
accordance with claim 1. wherein said noble metal- 
c firing tip (3) comprises at least one component 
w ^H^SST the 9 rau P c «"9 of Pt. lr, Pd, Ru 

3. The spark plug for an internal combustion engine in 
acco idance with claim 1 or 2, wherein said noble 
mete he firing tip (3) comprises an additive selected 
from the group consisting of Ni, W, Si, Y 2 0 3 , Zr0 2 , 

2 3* 

4- The spark plug for an internal combustion engine in 
accordance with any one of claims 1 through 3 
wherein said base electrode member (2) is a heat- 
resistant alloy containing Ni with additives of Fe and 

« 5 ' L^ n S P arkplU9f P ranint ^alcombustionenginein 
accordance w,th any one of claims 1 through 4 

bv eXdfno n0b ' e me,a " iC fir,n9 ,ip < 3 > is f °™<* 
oy extending an ingot of a noble metallic material 

I! a Wire throu 9" * no« forging, and cutting TheT 

3 o TZ I W ' re ' nt0 3 Pi6Ce ° f the nob,e firing 
tip having a predetermined length. 

S. The spark plug for an internal combustion engine in 
accordance with any one of claims ! through 5 

7 ' I^ S w ark PlUQ f ° r a " intemal c ombustion engine in 
accordance with any one of claims 1 through 6 

et?rTr Said f T d jUnCti ° n ' ayer W is K*™* 5 
2 US,n 9 ,he bo^dary between said noble 

wCnl'r " P ^ Sa,d b3Se e,ec,rade me -ber 
without leaving a non-fused boundary (7). 

8. 



45 



The , spark plug for an internal combustion engine in 
accordance with any one of claims 1 through 7 

^ZT^T™ ^ (4) haS a 
axial length T' equal to or larger than 0.05 mm. 

9 ' I b ?r rkPlU9f ° ranin,erna,combus,i on 

axoafanc e w„h any one of claims 1 through 7 

Sal ^om T. 8 !?^ 10 " ' ayer (4) has a 

axial length T- at the axial center of said noble me- 

tall,c firing „ p (3) , and said minimum length T» I 
equal to or larger than 0.05 mm. 

lrr, S T rk PlUQ f ° r 3n in,ernal c ombustion engine in 
accordance with any one of claims 1 through 9 
wherein said fused junction layer (4) is formed at an 
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end portion of said noble metallic firing tip (3). 

11. A method for manufacturing a spark plug of an in- 
ternal combustion engine, comprising the steps of: 

5 

disposing a Ni-containing central electrode (28) 
at least at one end of a through hole ( 1 1 0) of an 
insulator (11) held in a housing (15); 
providing a Ni-containing grounded electrode 
(29) on said housing in a confronting relation- w 
ship with said central electrode to form a spark 
gap (27) between said central electrode and 
said grounded electrode; 
bonding a noble metallic firing tip (3) on at least 
one confronting surface of said central elec- " 1$ 
trode and said grounded electrode by applying 
a laser beam (5) to a boundary between said 
noble metallic firing tip and a base electrode 
member (2) of said confronting surface, said 
noble metallic firing tip having a diameter "A" in 20 
the range from 0.3 mm to 0.6 mm; and 
hardening the laser welded portion so as to 
form a fused junction layer (4) at the boundary 
between said noble metallic firing tip and said 
base electrode member, 2s 
wherein said fused junction layer (4) contains 
40—70 wt% noble metallic firing tip component, 
said noble metallic firing tip (3) has a non-fused 
portion axially extending from its top (31 ) to an 
upper end (43) of said fused junction layer by 30 
an axial length M L M , where 0.2 mm <,L< 0.7 mm, 
said fused junction layer (4) axially extends 
from the upper end (43) to its lower end (42) by 
an axial length n M°, where 0.2 mm <M< 0.7 mm, 
and 35 
the relationship B£ 1.3A is established 
where W B" represents the maximum width of a 
contact area which is formed by projecting the 
boundary between said fused junction layer 
and said base electrode member in an axial di- *o 
rection of said noble metallic firing tip. 

12. The manufacturing method in accordance with 
claim 11, wherein said bonding step is performed 

by putting said noble metallic firing tip (3) on said 45 
base electrode member (2) and then applying the 
laser beam (5) to the boundary between said noble 
metallic firing tip and the base electrode member. 

13. The manufacturing method in accordance with SO 
claim 11, wherein said bonding step is performed 

by temporarily fixing said noble metallic firing tip (3) 
on said base electrode member (2) by resistance 
welding and then applying the laser beam (5) to the 
boundary between said noble metallic firing tip and ss 
the base electrode member 

14. The manufacturing method in accordance with any 



one of claims 11 through 13, wherein said noble me- 
tallic firing tip (3) comprises at least one component 
selected from the group consisting of Pt, Ir, Pd, Ru, 
Rh, and Os. 

15. The manufacturing method in accordance with any 
one of claims 11 through 14, wherein said noble me- 
tallic firing tip (3) comprises an additive selected 
from the group consisting of Ni, W, Si, Y 2 0 3( Zr0 2 , 
Al 2 0 3 . 

16. The manufacturing method in accordance with any 
one of claims 11 through 15, wherein said base 
electrode member (2) is a heat-resistant alloy con- 
taining Ni with additives of Fe and Cr. 

17. The manufacturing method in accordance with any 
one of claims 11 through 16, wherein said fused 
junction layer (4) has a trapezoidal cross section. 

18. The manufacturing method in accordance with any 
one of claims 11 through 17, wherein said fused 
junction layer (4) has a minimum axial length T" 
equal to or larger than 0.05 mm. 

19. The manufacturing method in accordance with any 
one of claims 11 through 17, wherein said fused 
junction layer (4) has a minimum axial length "T" at 
the center of said noble metallic firing tip (3), and 
said minimum axial length "T" is equal to or larger 
than 0.05 mm. 
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